Cultivated peat soils in Finland are generally rich in nitrogen. The author, e.g. found in 34 samples collected from different parts of our country total nitrogen contents which corresponded to amounts from 5.200 to 26.600 kg/ha with an average of 14.400 kg/ha in a 20 cm layer (1) . In addition to the surface soil also the deeper layers must be taken into account. Thus the total nitrogen content of a peat soil may exceed nitrogen requirements of several hundreds of crops. Since this enormous supply of nitrogen almost completely occurs in organic forms its value to the plants depends on the velocity of its mineralization. Owing to the climatic conditions this mobilization of nitrogen often appears to be too slow as compared with the needs of the crops. This is particularly true in northern Finland.
In addition to the temperature all the other factors which exert their influence on the activity of soil microorganisms regulate the intensity of nitrogen mobilization. Among these are the nutrition conditions of the soil. When peat soils are in question special attention must be paid to the poor supply of phosphorus and potassium, common in our peat lands. Tuorila (2) made an attempt to elucidate the effect of potassium and phosphorus fertilizers on the mobilization of peat nitrogen. He found that potassium tended to enhance the accumulation of ammonium nitrogen whereas phosphorus appeared to increase the nitrate nitrogen content of the experimental plots. The nitrogen uptake by crops was about 70-80 kg/ha higher in plots treated with both potassium and phosphorus than in plots without treatments.
The material studied by Tuorila originated from field trials in Peat Experiment Station of Leteensuo in the southern part of Finland. The trials concerning annual treatments with increasing amounts of potash fertilizer and superphosphate, respectively, were then, it is in summer 1929, six years old. They are still running and in 1957 they were treated with these fertilizers for the 35th time. Thus these trials offer a valuable and in Finland unique opportunity to study the influence of long-time application of various amounts of fertilizers on the mobilization of nitrogen in peat soil.
Owing to the courtesy of the Board of Suoviljelysyhdistys (Peat Cultivation Society) and the staff of Leteensuo Experiment Station samples from one of these field trials, from »The experiment with increasing amounts of superphosphate on fen soil» were placed at the author's disposal. In the present paper results from the study of these samples are reported.
Material
The field trial: The fen on which the field trial was placed was reclaimed in 1921.
The soil is fairly well humified wood-Carex-peat. In the spring 1923 the soil was clayed with 200 m 3 /ha. The trial was started in the same year. Each treatment was in four rep lications and the plots were 45 square meters. The annual treatments of the plots analyzed in the present study were the following: Soil samples were collected late in the autumn 1957. A special bore was employed and the different layers down to 70 cm were sampled. The corresponding samples of the replicate plots were intermixed. Combined samples from the two surface layers, or from the depths of 0 to 10 cm and 10 to 20 cm, and from the layers 40 to 50 cm and 60 to 70 cm were used for the analyses and incubation experiment of the present study.
Hay samples were collected from all the four replicate plots of the four treatments. The samples were ground in a Wiley mill and analyzed separately.
Methods
Total nitrogen content of the soil and hay samples was determined by the common Kjeldahl procedure. Also the soil samples were air-dried and ground.
Since it had been found that even air-drying enhanced the ammonium nitrogen content of this kind of peat from two to five times, all the analyses of mineral nitrogen in peat samples were performed on fresh samples. Ammonium and nitrate nitrogen were extracted from 20 grams samples with 100 ml of 5 % potassium sulphate solution in which the samples were shaken for one hour. They were filtrated through paper and washed twice with 25 ml of 5 % potassium sulphate. One aliquote was used for the determination of nitrate nitrogen by the phenol-disulphonic acid method. From the rest of the extract ammonium nitrogen was distilled using magnesium oxide.
The intensity of nitrogen mobilization in the peat samples was studied by incubating them for ten weeks in glass jars at laboratory temperature (13°-18°C). The original moisture content of the samples which corresponded to the conditions somewhat under the field capacity was maintained over the incubation period.
The pH-values were measured direct from the fresh peat with a Beckman pHmeter with glass electrode.
The phosphorus condition was characterized by the so-called »exchangeable phosphorus» or in this case the inorganic phosphorus extracted by 0.1 N KOH-K 2 C0 3 solution when the ratio of soil to solution was 1 to 100 and the time of extraction was 18 hours.
The exchangeable potassium was extracted by 1 N ammonium chloride.
Results
Some characteristics of the peat samples. Since no statistically significant differences could be found between the variously treated peat of the corresponding layers in regard to their ash content, weight of volume, pH, or content of total nitrogen, only the average values are reported. The The high ash content and weight of volume of the surface samples are, of course, due to the clay. It also makes the total nitrogen content per dry matter lower in the surface layers than in the deeper ones. If the nitrogen content is calculated as a percentage of ash-free dry matter, values from 3.4 to 3.6 per cent are obtained for the surface layers and 2.9 per cent for both of the deeper ones. It is of particular interest to notice the fairly low pH-values of the surface samples. The In the surface layers the content of »exchangeable P» increases with the increasing application of superphosphate, but first the heaviest dressing has caused a marked accumulation of this kind of phosphorus. Some penetration of fertilizer phosphorus into deeper layers appears to have occurred, but particularly in the layer of 60 to 70 cm the content of »exchangeable P» is low in every 7 treatment.
The potassium conditions, on the contrary, appear to be the better the lower the phosphate application has been. This, of course, arises from the fact that equal amounts of potash fertilizer have annually been applied to each plot and the considerably lower yields produced by the lower treatments with superphosphate have taken up less potassium than the higher ones in plots 2P and 3P. The superiority of the 0-plots to the treated plots can be found also in the potassium content of the deeper layers.
Thus the effect of the application of the total amounts of 0, 3500, 7000, and 10 500 kg/ha of superphosphate, respectively, is revealed, at least, in the phosphorus and potassium conditions of the soils. Probably there are more or less distinct differences also in some other chemical characteristics, e.g. in the sulphate and calcium content, in the quality of the organic matter etc. In connection with the present study attention is paid only to the possible differences in the rate of mobilization of nitrogen.
Mineral nitrogen in peat samples. As soon as possible after the peat samples had been brought to the laboratory they were analyzed for ammonium and nitrate nitrogen. The results were obtained as mg/kg. Probably the values calculated on the volume basis would give a more representative picture of the conditions in nature.
Owing to the fact that only volume weights determined on air-dried and ground samples were available, it was considered better to report the results in the more reliable original form. The main thing, the reliable comparison of the effect of various treatments on the mineral nitrogen content of the peat soil is possible, since the samples from each layers had equal weight of volume. The data for ammonium nitrogen, nitrate nitrogen and their sum which represents the total mineral nitrogen in these samples are reported in Table 1 . The figures for significant differences at the 5 per cent level (S.D. 5 %) are calculated for each layer.
In the plots of the highest treatment with superphosphate both the ammonium and nitrate nitrogen contents as well as their sums are distinctly higher than in the untreated plots. The corresponding effect of the treatment 2P reaches down to the layer of 40 to 50 cm, and that of the treatment P only to the two surface layers. The differences between the treated plots are less distinct, particularly between the plots P and 2P, but the superiority of the plots 3P is in most cases indisputable.
It is of interest to compare these data with thoserecorded by Tuorila (2) during the summer 1929. He analyzed only the ploughing layer and reported his results as ammonium or nitrate nitrogen in kg/ha in the 20 cm layer. In order to get comparable figures the present data are changed to the same units using the average of the values for the layers of 0 to 10 cm and 10 to 20 cm. In 1929 the differences between the variously treated plots appear to have been almost insignificant. The data for ammonium nitrogen content are of the same magnitude in both years, but the nitrate nitrogen content seems to be considerably higher in the latter year. This, of course, may arise from the different analytical technique, but equally well it can be explained on the basis of the fact that late in the autumn the plants do not take up marked amounts of nitrogen, and nitrate nitrogen may accumulate. In both years the crop was timothy ley. Incubation experiments. When soil samples are brought from field to laboratory the changes in the environmental conditions generally give rise to an intensive activity of microorganisms which probably had not occurred in field. In addition to this the effect of growing plants is ended. Attention must also be paid to the possible infection of the samples by microorganisms from the laboratory air. This may be of importance particular!}' when nitrification is studied, since it has been found in our laboratory that in incubation experiments an intensive nitrification often takes place, at least after a certain period, although no activity of nitrification organisms could be detected in fresh samples of the same peat soil which were aseptically collected and handled. Thus incubation experiments under laboratory conditions do not relieve a reliable picture of the mobilization and changes of nitrogen in nature. Yet, they may be valuable when comparisons between various kinds of soils and between the effect of different treatments are in question.
In the incubation experiment of the present study samples were analyzed for ammonium and nitrate nitrogen after periods of five and ten weeks. The results are reported in Tables 2 and 3 .
It could be expected that changes in the ammonium and nitrate nitrogen content of the samples had caused changes in the acidity of the peat. Yet, this soil appears to be very well buffered, and no significant increase or decrease in the pHvalues occurred due to the incubation.
According to the data in Tables 1 and 2 accumulation of nitrate nitrogen seems to have been intensive in the incubation period of the first five weeks. The ammonium nitrogen content is equal in the corresponding samples of the various treatments, except in the deepest layer where 2P and 3P samples contain less ammonium nitrogen than 0 and P samples. Nitrate nitrogen content has increased in all the samples and the highest numbers were found for the samples of 3P. Also in three layers the 2P samples contain significantly more nitrate nitrogen than do the 0 samples, but both in the surface layer and the deepest layer the P and 0 plots are equal in nitrate nitrogen content. Thus the total content of plant available nitrogen is highest in the plots of the highest superphosphate dressing, except in the deepest layer where no difference exists between the variously treated plots. In plots to which lower amounts of superphosphate were applied only the surface layers are higher in total mineral nitrogen than the untreated ones.
The data inTable 3 indicate that during the prolonged incubation fairly intensive ammonification and nitrification have continued in all the samples. There are no differences in the ammonium nitrogen content except in the deeper layers where the untreated plot appears to contain the highest amounts. Differences in the nitrate nitrogen content are similar to those found in the samples incubated only for five weeks, and the same holds true also as to the total mineral nitrogen contents.
It is of interest to study the amounts of nitrogen mobilized during both the incubation periods of five weeks. The increase in the sums of the ammonium and nitrate nitrogen contents expressed as mg/kg of dry matter were the following: At the present there seems to be no simple method for the testing of the significance of the differences between such figures as the above ones which are obtained through subtraction to represent the amounts of mobilized nitrogen. Therefore, it may only be said that probably the mobilization of nitrogen of the surface layers has been most intensive in the plots treated with the highest amount of superphosphate, whereas the contrary seems to be true as to the deeper layers. The mobilization appears to have been of the same order of magnitude in both of the incubation periods except in the samples of the deepest layer. There has probably been some kind of »lag period» in these samples in the beginning of incubation.
Nitrogen in the yield. According to the results reported above the plant available nitrogen in this peat soil appears to be the higher the heavier the dressing with superphosphate. Now it is, of course, of interest to find out whether the corresponding differences can also be detected in the amounts of nitrogen taken up by the crop.
Owing to the courtesyof the staff of Leteensuo Experiment Station weights of the hay yields harvested in 1957 are available. The total nitrogen content of the hay samples was determined, and thus the nitrogen yield harvested in 1957 could be calculated. The results are in Table 4 .
The yield without treatment has been very small, and although it contains a higher percentage of nitrogen than the yields of all the other treatments, its total nitrogen yield has remained extremely low. The percentage of nitrogen in the hay from the plots annually treated with 100 and 200 kg/ha of superphosphate, respectively, is equal. Yet, the hay yield in the 2P plots has been significantly higher than that in the P plots and therefore also the amount of nitrogen taken up by the former yield is distinctly higher than that in the latter one. The yields from the 2P and 3P plots are equal, but there appears to be a tendency to a higher nitrogen content of the hay and also to a higher nitrogen yield in the 3P plots although the differences are not statistically significant.
It is probable that the failure of the plants to fully utilize the rich supply of phosphorus and nitrogen in the plots treated with the highest amount of superphosphate is partly due to the relatively poor supply of potassium in these plots. According to results which will be reported elsewhere the potassium percentage in the hay harvested from these plots is almost as low as the potassium content of hay from the plots of the same experiment which had been cultivated without any potash fertilizers. If the potassium conditions had been equal in all the plots, it is probable that the figures in Table 4 would have been different. Tuorila (2) also reported results from the nitrogen uptake of crops in this experiment. To compare the differences in the conditions caused by the various treatments with superphosphate during a period of five years with those obtained thirty years later the data for nitrogen in the hay yield in 1927 are reported in Table 5 .
The differences in the yields of the various treatments are less marked than in 1957. Even the plots without treatment have produced a not insignificant hay crop. The yields of the 2P and 3P plots, on the other hand, are of the same order of magnitude as that of the P plots, and thus markedly lower than the corresponding crops in 1957. The nitrogen content of the hay appears to be slightly lower in the plots of the heaviest treatment and somewhat higher in the untreated plots than in the other ones. The nitrogen yields in the treated plots are equal and distinctly higher than in the untreated one. In 1957 the hay yield has taken up significantly more nitrogen than in 1927 from the plots treated with 200 and 300 kg/ha of superphosphate, respectively. In the nitrogen yields of the plots treated with 100 kg/ha of superphosphate there are no differences whereas the nitrogen uptake in the untreated plots has been markedly higher in 1927.
Discussion
The different amounts of superphosphate applied to the experimental plots in 35 years have not only brought into the soil different quantities of phosphate but also different amounts of calcium and sulphate. On the other hand, the differences in the yields have caused more or less distinct differences in the uptake of all the nutrients. Thus, as the result of the treatments the nutritional conditions of the plots may have been even markedly changed. In the present study this was demonstrated in regard to potassium.
The plants in the variously treated plots do not only take up different amounts of nutrients. They also introduce into the soil new plant matter, and probably the quantities of roots and stubble remaining in the variously treated plots are different. This may effect the quality of the soil organic matter and also the microbiological processes occurring in soil. When mobilization of nitrogen is in question the fact must not be overlooked that plant residues are generally poor in nitrogen but rich in carbonaceous compounds available to microorganisms. On the other hand, it has been emphasized that introduction into soil of fresh organic matter intensifies the mineralization of soil organic matter.
Thus the effects of prolonged treatments form a complicated problem. Whatever the factors involved are the results obtained in the present study indicate that when this peat soil has been annually treated with 0, 100, 200, or 300 kg/ha of superphosphate for 35 years the mineral nitrogen content of the soil and also the uptake of nitrogen by the crops are the higher the larger the superphosphate application. The differences between the treatments found in 1957 are far more distinct than those in 1927 and 1929 reported by Tuorila (2) .
In spite of the high acidity of the surface layers of this peat soil nitrification organisms are able to be active in it. Obviously they were benefited from the superphosphate more than the ammonification organisms since the mineral nitrogen was accumulated mostly as nitrate particularly in the plots of the heavier treatments.
For the last nine years superphosphate was applied to the ley as surface dressing. Before the leys there had been several arable crops and the soil had been often ploughed during the experimental period. Therefore, it is natural that the effect of superphosphate is most distinct in the surface layers and particularly in the topmost one. However, it can be found that the highest application of superphosphate has exerted its effect on the mineral nitrogen content down to the layer of 60 to 70 cm. Also the fairly modest treatment of 200 kg/ha has in this respect reached down to the layer of 40 to 50 cm.
S u mm a r y
The influence of superphosphate on the mobilization of nitrogen in a fen soil from Leteensuo Experiment Station in southern Finland was studied. Samples were used from a field trial in which superphosphate had been annually applied for 35 years in amounts of 0, 100, 200, and 300 kg/ha, resp. Analyses were performed on samples of four layers: 0 to 10 cm, 10 to 20 cm, 40 to 50 cm, and 60 to 70 cm.
It was found that the mineral nitrogen (NH 4 -N-(-NO 3 -N) content of the soil samples collected late in the autumn was in all layers highest in the plots treated with the highest amount of superphosphate. The positive effect of the treatment with 200 kg/ha of superphosphate reached down to the layer of 40 to 50 cm. In the soil treated with 100 kg/ha the mineral nitrogen content was higher than in the untreated soil only in both surface layers.
In the incubation experiment of five and ten weeks the differences in the mineral nitrogen content were equalized, particularly in the samples from deeper layers. In the top layers the superiority of the heaviest treatment was maintained.
The amounts of nitrogen in the hay yields harvested in the previous summer appeared, generally, to be the higher the larger the amounts of superphosphate applied. It seemed to be probable that potassium was a minimum factor in the plots of the heaviest superphosphate treatment.
Comparison of the present results with data obtained from the same experiment when it had been only run for five years indicated that, in regard to the availability of nitrogen in this peat soil, the slight tendency found thirty years ago had grow.n to the distinct superiority of the heavy superphosphate treatment.
